
CRITICAL REVIEW

THE VALUE AND DEVELOPMENT OF
RESIDUAL HEARING*

By DR MAX A. GOLDSTEIN, St Louis.

THE preservation of hearing, whether applied to the child or the
adult, has been frequently discussed at otological and medical
gatherings, and the view-points expressed have usually been centred
in special local therapy, surgery, and in elaborate discussions of
etiology. The conservation of hearing, as generally considered, has
included a differential diagnosis between sound-conducting and
sound-perceiving types of impaired hearing, the destruction of, or
pathological changes in the membrana tympani, ossicular chain or
tympanic cavity, contraction or obstruction of the Eustachian tube,
the presence of tonsils, adenoids, and neoplasms in the nose and
pharynx, suppurative processes in the middle ear and its complications,
influenza, meningitis, and other specific infections, and the less
understood local and systemic infections that may give rise to serious
disturbances in hearing.

The problem which I desire to emphasise and discuss is the value
and development of residual hearing, for it includes a different range
of subject-matter, and its disposition is not necessarily local therapy
or surgery. I have attempted to classify deafness into types so that
all cases may be definitely grouped and better studied clinically.

GROUP I. Lymphatic Type.—The lymphatic diathesis is charac-
terised by hypertrophied tonsils, adenoids in the naso-pharynx,
lymphoid nodules throughout the upper respiratory tract, pale and
soft Schneiderian membranes with tendencies to frequent and various
aerobic infections whereby a mechanical blockage of a more or less
permanent character is developed in the tubo-tympanic tract, tissue
metabolism changed, and the functions of the conducting apparatus
of the ear impaired.

Functional tests usually corroborate the clinical diagnosis of
impairment of the sound-conducting mechanism.

In the otology of twenty-five years ago, we found frequent
references to large groups of these cases as reported in the statistics
of schools for the deaf throughout the country, in which the
reporters concluded that the aggravated deafness was due to unrecog-
nised and neglected adenoids. At that time the keen discovery

• Read before the Fifty-fourth Annual Convention of the American
Otological Society, Atlantic City, N.Y., 2nd June 1921.
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of the immortal Scandinavian, Dr Wilhelm Meyer, had not yet
penetrated the medical profession as an important etiology of
deafness.

With the better comprehension of the pathology and surgery of
Waldeyer's lymphatic ring, much of the evil aftermath in this group
has been held in abeyance. Prompt intervention not only removes
mechanical obstruction to ventilation and sound-conduction, but
also prevents the more serious adhesions, retractions, contractions,
and absorptions in the tympanic and tubo-tympanic areas, where
severe and permanent deafness may ensue.

GROUP II. Exanthematous Type.—As most of the exanthemata
have their focal infection in a specific angina, and as the local
invasion so frequently includes the ear tract, we have a ready
accounting for the frequency with which suppurative processes invade
the tympanic cavity in this group. The suppurations seem to be of
a specially destructive type, for the membrana tympani is often
sloughed in a large radius, the ossicles necrosed, and the walls of the
tympanic cavity eroded. Similar erosions are found about the fenestra
ovalis and rotunda, and these lead to permanent ankylosis or bony
changes in this part of the labyrinthine wall.

It is a significant fact that many children with total deafness date
their misfortune from an intense invasion of an exanthematous fever.
Close observers have concluded that such invasions carry with them
not only a destructive process centred in the tympanic cavity, but a
toxic, selective attack either on a part of the labyrinthine structures,
on the ramus cochlearis, or in the form of a localised meningitis.

Careful functional tests in this group reveal impairment of both
low and high ends of the cochlear scale, and often simulate the
clinical tests of oto-sclerosis. There is this difference, however,
between an incipient oto-sclerosis and an exanthematous invasion
of the labyrinth—in oto-sclerosis the basilar and apical Corti cells
are involved, and a large part of the central scale still functionates; in
some types of exanthematous invasion of the labyrinth the cochlear
cells may be intermittently and irregularly attacked, producing
definitely recognised and still functioning tone-islands throughout
the cochlear scale.

GRO.UP III. Central Type.—In epidemic meningitis, poliomyelitis,
and exanthemata with intense febrile reaction, we frequently find a
sudden attack on the auditory central organ and total deafness. The
following brief clinical report will illustrate:—An intelligent, normal
girl of sixteen was attacked on Christmas Day by epidemic meningitis,
with all of the characteristic symptoms of this infection. She was
seriously ill for a week, joined the family at dinner on New Year's
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Day, recovered from meningitis but totally deaf. Here again we note
a selective localised meningeal attack on the nerve trunks.

Functional tests with all forms of sound-producing apparatus,
including tuning forks, voice, musical instruments and gongs, failed
to produce any sound impression. Even if the labyrinth end-organ
has escaped attack, if both auditory nerves in their trunk have been
invaded by toxins and destroyed, the deafness must be complete.

GROUP IV. Oto-sderotic Type.—Much has been written about
oto-sclerosis, but we are still undecided as to its pathological entity.
As it occurs less frequently in the child and the youth than in adult
life, it does not figure to so large an extent in this problem of residual
hearing and its development.

There are several clinical and pathological data which seem fairly •
constant in this group. We have every reason to believe that a
spongifying or sclerotic change in the labyrinthine capsule takes place;
the point of most frequent attack seems to be about the foot-plate of
the stapes; the membrana tympani frequently shows no change in
plane or lustre other than a circumscribed pink spot; the tuning-forks
and Galton whistle give evidence of a diminished perception for both
low and high tones; bone conduction is prolonged beyond the normal
and a paracusis is usually present in incipient cases.

GROUP V. The Congenital Type.—One of the most serious
factors in the production of profound deafness is that of congenital
transmission. Interesting statistics have been compiled, showing the
large percentage of total deafness evolved in the matings of the
congenitally deaf and of consanguineous marriages. We are here
concerned, not with a pathological but with a biological question.
At a former meeting of the American Otological Society I showed,
among a series of microscopic sections of the labyrinth, one of a
congenitally totally deaf child. The most interesting phase of this
specimen was that the cochlear nerve in the labyrinth was shown to
consist of only a nerve sheath and contained no vestige of neuroglia
or nerve substance; the nerve presented the appearance of an empty
shaft. Or, we may find a congenital atresia or absence of the external
ear, or of the tympanic cavity or its contents, and a consequent
unestablished (?) hearing mechanism. These brief descriptions illus-
trate my point of a biological absence of tissue rather than a
pathological destruction or degeneration.

A functional test with tuning-forks and other sound-producing
apparatus in this group elicits no response to any sound-perception,
for if the cochlear or peripheral element is absent, no central sensory
impression can be conveyed.

GROUP VI. Hereditary Type.—We should distinguish between
the congenital type in which a transmissible absence of a part of the
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auditory nerve mechanism may be found, and the hereditary trans-
mission of a degenerative element, as in rickets or syphilis. In syphilis
the cochlear nerve or the ramus cochlearis may be present, but may
have undergone sufficient degeneration in embryo or in early childhood
to present decided pathological changes.

Functionally such a differentiation could perhaps not be made
by sound tests. Here we might avail ourselves of the Wassermann
reaction, preferring spinal puncture to blood examination, and it is
not unreasonable to hope, if such laboratory findings corroborate a
syphilitic diagnosis, that an anti-syphilitic treatment may, even in
cases of profound deafness, produce improvement in hearing.

GROUP VII. Benign Type.—Impaired hearing caused by recurrent
coryza, deflected septum, hypertrophied turbinates, polypi (mucous
or fibrous), adenoids, tonsils, malformation of the palate and choanse,
chronic suppurative otitis media, large perforations of the membrana
tympani, etc., where the mechanical influences of obstruction have
not developed permanent secondary pathology, such as adhesions,
obstructions in the tube, necroses of the ossicles, partial destruction
of the tympanic walls, may be classified as a separate group where
the necessary surgical and therapeutic treatment may greatly improve
the hearing and restore practical auditory usefulness.

A long experience in the examination and observation of deaf
children leads me to the definite conclusion that functional tests to
determine the degree or profundity of deafness as carried out by
the otologist is of less practical value or application than similar
conclusions reached by the experienced teacher of the deaf. The
main dependence of the otologist for differential diagnosis of the
functioning character of the ear is the tuning-fork, but when a
profound degree of deafness exists, as is the case in so large a
proportion of congenitally deaf or even adventitiously deaf young
children, the tuning-fork becomes a factor of lesser value.

To cite a practical example:—The parent of a two- or three-
year old child consults the otologist as to his auditory status. The
parent states: " I think my baby must have heard, for, when it was
about one year old, it seemed to prattle and babble and apparently
observed persons and things, and showed some sense of direction to
sounds. Six months later the child had a sudden febrile attack for
several days (perhaps teething, grippe, enteritis, etc.), and since then
he babbles less and does not respond to the sound of voices when
trying to attract his attention. Loud noises and the clapping of hands
startle him but do not seem to arouse him. Doctor, is my child
totally deaf, and what do you advise me to do for him ? " The report
of the otologist which usually accompanies such a case states: "This
child hears neither voice nor tuning-forks, and I have referred the
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parents to you for advice and educational direction." With this
brief experience the otologist thinks he absolves his responsibilities
in such a case.

Later observation in the course of the mental unfolding of such a
child often reveals the presence of an uneducated or latent auditory
word centre, imperfect Wernicke, lack of co-relation between Broca
and Wernicke, or some other undeveloped or imperfectly stimulated
speech or hearing centre.

It is to the minute study of these speech and hearing centres, and
their more intimate relation to the various types of serious deafness,
that I wish to direct your attention and more earnest consideration.
Our experience in the re-education and mental reconstruction of
soldiers made deaf and defective in speech by shell-shock, shell-
concussion, and war casualties, has proven the practical value of
the careful study of these centres, and has substantiated the theories
and physiological findings attributed to these brain areas. The
practical results of re-education or restimulation of speech and
hearing have been so thoroughly demonstrated in the group of
reconstruction cases in our experience, that the importance of similar
measures applied to the training of the deaf child cannot be too
greatly emphasised.

Residual hearing or remnants of hearing are vital elements in the
pedagogic training of the deaf child. Such hearing remnants may
be so negligible as to offer but limited reconstruction material; on
the other hand, as has been frequently stated, 30 per cent, of all
children found in schools for the deaf throughout the country have
sufficient residual hearing to perceive the human voice to varying degree
(from the hearing of elementary sustained sounds to that of fluent
speech), and the cultivation of this residual hearing may, in a large
group of such children, place them in a position where they may
eventually be considered only as hard-of-hearing individuals instead
of as deaf-mutes.

Attempts have been made to classify the degrees of deafness.
I have carefully analysed such claims and statements, but fail to find
on what standard or basis such estimates are made. Reports have
been sent to me with the statement of the otologist:—" This child
has 50 per cent, hearing; this child has 25 per cent, hearing." I
must admit that with our present classification of the degree of
deafness, I am unable to understand just what is meant by such a
statement.

I think it would be a very practical asset to develop such classifi-
cation, but it must be dependent on definite standards and on careful
otologic and pedagogic tests.

The status of the deaf child of the future will be best recognised
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by a liberal co-operation between the otologist, the psychologist, and
the experienced teacher of the deaf.

Many of the observations included in this paper require further
careful corroboration to make them of definite scientific strength.
If the classification of nerve-deafness into the several groups above
referred to is scientifically consistent, and if the results of the
application of the Acoustic Method depend on the stimulation or
re-education of unawakened, poisoned, or degenerated nerve tissue,
we should be in a position to even establish a pedagogic prognosis.
We must consider the history of the pupil, congenital and hereditary
factors, the character of the disease from which deafness dates,
the general, physical, and mental development of the case, and the
responsiveness of the pupil to systematic acoustic training. There are
imperfections in the pedagogic training; much of the physiology and
pathology of the acoustic mechanism is still but vaguely understood;
a comparatively short time for practical study and impartial analysis
has elapsed, and larger groups of pupils must be observed by specially
trained teachers and otologists to summarise the end-results and
establish a practical potentiality.

There has at last been an awakening of the otological profession
to the significance and importance of this problem, and as soon as
more of our colleagues study these questions seriously a new era
for the deaf child is sure to develop.
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